The efficiency of a silicon solar cell is directly linked to the quantity of carrier photogenerated in its base. It increases with the increase of the quantity of carrier in the base of the solar cell. The carrier density in the base of the solar cell increases with the increase of the flux of photons that crosses the solar cell. One of the methods used to increase the flux of photon on the illuminated side of the solar cell is the intensification of the illumination light. However, the intensification of the light come with the increase of the energy released by thermalization, the collision between carriers, their braking due to the carriers concentration gradient electric field which lead to increase the temperature in the base of the solar cell. This work presents a 3-D study, of the effect of the temperature on the electronic parameters of a polycrystalline silicon solar under intense light illumination. The electronic parameters on which we analyze the temperature effect are: the mobility of solar cell carriers (electrons and holes), their diffusion coefficient, their diffusion length and their distribution in the bulk of the base. To study the effect of the temperature on electronic parameters, we take into account, the dependence of carriers (electrons and holes) mobility with the temperature (μ n, (T) μ p (T)). Then, the resolution of the continuity equation, which is a function of the carriers gradient electric field and the carriers mobility, leads to the expressions of the diffusion coefficient, the diffusion length, and the density of carriers which are function of the temperature. Then, we studied the effects of the temperature on the diffusion parameters in order to explain their effect on the behavior the carriers distribution in intermediate, short circuit and open circuit operating modes at several positions in the base depth. It appears through this study that the diffusion coefficient and the diffusion length decrease with the increase of 292 Smart Grid and Renewable Energy the temperature. We observe also that with the increase of the temperature, the density of carriers in the base of the solar cell in short circuit and open voltage operating modes increases. In intermediate operating mode, the density of carriers increases also with the temperature but it is function of the base depth.
Introduction
The efficiency of a solar cell is directly linked to the density of carriers in the base of the solar cell which is a function of the support material band gap of this solar cell, the illumination mode, the carriers diffusion parameters and recombination parameters. Several analytical and experimental studies have been done in monochromatic [1] [2] and multispectral [3] [4] [5] [6] [7] illuminations.
Some studies have also been done on light illumination effects on monofacial [2] [3] [5] [6] , bifacial [1] [4] [6] [7] [8] and amorphous [8] solar cells. It appears through these studies that the increase of illumination power comes with an increase of the density of carriers in the base of the solar cell [9] [10] . Some studies put also in evidence that external parameters such as magnetic field [10] [11] electric field [11] [12] , light concentration [10] [13] can influence the diffusion coefficient of a silicon solar cell.
Even though the increase of the intensity of the light illumination leads to an increase of the carrier photogenaration and then to an increase of the density of carriers in the base [10] , this situation generates an increase of the temperature in the base of the solar cell [14] [15] [16] . In experimental studies [14] [17] [18] , it was proved that the short circuit current and the conversion efficiency increases with the increase of the temperature when the open circuit voltage de- creases. An experimental study proved, that the temperature influences the band gaps of GaAs, GaP, Ge, Si and C solar cells [19] . It appears through this study that the band gaps of all of these semiconductors decreases with the increase of the temperature.
In previous works [10] [20] , the effect of the light intensity on the performance of a silicon solar cell has been studied. It was proved in these studies that, the increase of the intensity of the illumination light leads to the increase of the density of carriers density in the base of the solar cell, an increase of the short circuit current, an increase of the electric power and the conversion efficiency [10] . The increase of the light intensity leads none the less to an increase of the quantity of the energy released by thermalization in the base of the solar cell, but also, to an increase of the collision of the carriers in the base of the solar cell.
Another phenomenon which appears with the intense photogeneration in the cell, and then that will has as effect to brake them. The energy released by thermalization, by collision and by braking in the base of the solar cell leads to heat it, and then to increase the temperature in it. In the present work, we study none the less the physical phenomena which leads to the increase of the temperature in the base of the solar but also the effects of the temperature on the carriers mobility, the diffusion coefficient, the diffusion length and carriers density of a polycrystalline silicon solar cell.
Model and Assumptions

Analytical Formulation
In this work, we propose a three-dimensional (3D) study of a polycrystalline sil- 
In this expressions: D n and D p are respectively electrons and holes diffusion coefficients, μ n (T) and μ p (T) are electrons and holes mobility depending on the temperature and δ(x) is the density of excess minority carrier in the base of the illuminated solar cell.
The contribution of the emitter is not taken into account and we work in the theory of the quasi-neutral base (QNB) [4] [12] [13] .
Determination and Resolution of the Continuity Equation
Under the intense light illumination, the total current n J resulting of the movement of the carriers photo generated in the solar cell is the sum of two kinds of currents: The expression of the total current is then given by Equation (2):
In Equation (2) the expression of the electric field given by Equation (1) is function of the electrons and holes mobility. The expressions of these mobilities are in turn functions of the temperature of the solar cell and they are expressed by Equation (3):
with μ 0n = 1500 cm [10] [12] : 
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L T are respectively the carriers diffusion coefficient and diffusion length and they are functions of mobility of carriers which are in turn functions of the temperature.
The general shape of the solution of the partial derivative differential Equation (5) is given by Equation (8) 
In Equation (8), the expression of Z jk (z) can be found using the orthogonality 
The expression of Z jk (z) in these conditions is:
with: 
The coefficients A jk and B jk are determined trough the boundary conditions at the junction (z = 0) and at the rear side at the position (z = H) given by Equation (15): 
The expressions of the coefficients A jk et B jk are: 
The expressions of the coefficient A jk and B jk lead to the solution of Equation
(1) and the introduction of Equation (11) in Equation (8) leads to the solution of the continuity equation.
Results and Discussions
Solar Cell Base Overheating and Effect of Temperature on the Carriers Mobility
In this work, we study the temperature effect on a silicon solar under intense light illumination. For a multispectral light illumination, an intensification of the illuminated light means an increase of the quantity of photons which crosses the illuminated side of the solar cell. The consequence of this situation will be an increase of the carriers photogeneration in the base and then an increase of the density of carriers. The increase of the density of carriers in the base of the solar cell leads none the less to an increase of the collision between excess minority carriers but also to an increase of the quantity of the energy released by thermalization [24] in the base of the solar cell. Smart Grid and Renewable Energy
With the increase of the photogeneration due to the intensification of the illuminated light, another phenomenon which appears is the carriers concentration gradient electric field. His orientation is illustrated in Figure 1 and its expression is given by Equation (1). The expression of the electric field is inversely proportional to the carriers mobilities. Since the carriers mobility decrease with the increase of the temperature, consequently the electric field will increase with the increase of the temperature in the base of the solar cell. According to its orientation, it opposes to the movement of electrons toward the junction and to the move of holes to the rear side, and then has as effect to brake them. These braking releases also energy in the base of the solar cell and that contributes to heat the base of the solar cell. These three phenomena (energy released by thermalization, carriers collisions and carriers braking) lead to an increase of the heat in the base of the solar cell.
The expressions of carriers (electron and hole) mobility in function of the temperature are given in Equations (3) above. We present on the curves of Figure 2 and Figure 3 , the effect of the increase of the temperature on the carriers mobility in the base of the solar cell.
It appears trough these curves that the carriers mobility decrease when the temperature in the base of solar cell increase. The decrease of carriers mobility is the consequence of two phenomena: -the increase of carriers density with the increase of light intensity, which comes with an intensification of carriers collision in the base and then carriers slowing down. -the increase of carriers density leads also to an increase of the carriers concentration gradient electric field which is opposed to the carriers movement toward the junction and then brake them.
The carriers slowing down due to their collision and braking lead to the decrease of the carriers mobilities. But, since carriers collision and braking come with the increase of the temperature in the base of the solar cell (energy released by collision and braking) we have the impression that it is the increase of the temperature which is responsible of the carriers mobility decrease.
Effect of the Temperature on the Diffusion Parameters of the Silicon Solar Cell
The expressions of the diffusions coefficient of the silicon solar cell under an intense light illumination are given by Equation (7) and these expressions are functions of the electrons and holes mobility which are functions of the temperature. These coefficients are then functions of the temperature. We present on the curves of Figure 4 and Figure 5 below the effect of temperature on excess minority carrier diffusion coefficient and diffusion length.
We observe on the curves of Figure 4 and Figure 5 that the diffusion coeffi- For these two figures the light illumination intensity has been taken equal to 50 suns [13] .
We observe on Figure 6 and It appears on the curves of Figure 8 , that for a given value of carriers density, the temperature increases when we approach the junction. As shown in Figure 1 , for a given illumination light, the carriers density and then the carriers concentration gradient electric field decreases from the junction toward the rear zone of the solar cell. Since the temperature increase effects are linked to the carriers concentration and braking, the increase of carriers concentration and carriers concentration gradient electric field near the junction lead to a higher increase of the temperature there. The small values of carries density near the junction are explained by the fact that the carriers photogenerated near the junction cross it to participate to the production of photocurrent.
Conclusions
In this work, we proposed a 3-D modeling study of the effects of the physical phenomena which contribute to heat the base of a solar cell and the effect of the temperature on the electronic parameters of a polycrystalline silicon solar cell under an intense light illumination. The resolution of the continuity equation leads to news expressions of carriers density, diffusion coefficient and diffusion length. It was proved through this study that, if the temperature in the base of the solar increases, the mobility of electrons and holes, the diffusion coefficient and the diffusion length decrease. The increase of the temperature is the consequence of the energy releases by thermalization in the base of the solar cell, the collision between carriers due to the high photogeneration and the carriers braking due to the carriers concentration gradient electric field. The study of the temperature effect on the electronic parameters of the solar cell, put in evidence that, with the intensification of the illumination, it is the collisions between carriers and their braking that are responsible of carriers mobility and diffusion parameters decrease. It appears also through this study that the temperature in the base of the solar cell increases with the increase of carriers concentration at short circuit, open circuit and intermediate operating points. This situation is also the consequence of electrons collision and carriers concentration gradient electric field increase with the increase of carriers density. All these results characterize the fact that the effect of temperature on the electronic parameters of a solar cell is in reality the effect of carriers thermalization, the collision between carriers due to the high photogeneration and the carriers braking due to the carriers concentration gradient electric field.
